Introduction
============

It was found in epidemiological statistics that the mortality rate of gastric cancer in malignant tumors is only lower than that of lung cancer, and its incidence rate ranks fourth in the world ([@b1-ol-0-0-9406],[@b2-ol-0-0-9406]). The clinical treatment means of early gastric cancer is mainly surgery, but most patients are in the advanced stage when diagnosed, so the chemotherapy-based comprehensive treatment is mainly adopted. Unfortunately, chemotherapy does not significantly improve the survival rate of patients with advanced gastric cancer, and patients have to face the adverse effects brought by chemotherapy ([@b3-ol-0-0-9406]--[@b5-ol-0-0-9406]). Gastric cancer does not have typical clinical features in the early stage, so it is often neglected. There are reports showing that 50--60% of patients with gastric cancer in China are in the advanced stage, and the resection rate is only 40% in diagnosed patients. Due to a high malignant degree of tumor, gastric cancer is still vulnerable to recurrence and metastasis even after resection, there is a poor prognosis, and only 20--30% of patients can live for 5 years after surgery. Therefore, the effect of simple surgical treatment is often disappointing for patients with advanced gastric cancer, especially for those who have undergone local tumor spread or metastasis to other tissues ([@b6-ol-0-0-9406]). Currently, the clinical treatment of gastric cancer has been developed from simple surgical treatment to comprehensive treatment of surgery and chemoradiotherapy, and individualized and targeted therapies have become hot spots in treatment ([@b7-ol-0-0-9406]).

The process in which epithelial cells differentiate into cells with biological characteristics of mesenchymal phenotype according to a certain procedure is called epithelial-mesenchymal transition (EMT). EMT is a key link in invasion and distant spread of tumor cells ([@b8-ol-0-0-9406]). Polo-like kinase (PLK) is a kind of serine/threonine protein kinase, which widely exists in eukaryotic cells with certain cycle dependence. Its name is derived from the fact that it can lead to abnormality in the formation of spindle body in *Drosophila* ([@b9-ol-0-0-9406]). Νumerous studies have shown that PLK1 plays an important role in chromosome segregation, promotion of centrosome maturation, cytokinesis and other processes. However, the roles of PLK1 in the occurrence and development of cancer have not been elucidated.

The experiments were carried out to investigate the effects of PLK1 on the proliferation, migration and invasion of gastric cancer cells, and to explore the roles of EMT in the proliferation, migration and invasion processes of gastric cancer cells.

Materials and methods
=====================

### Materials and reagents

Human gastric cancer cell lines MGC-803 (Cell Bank of Chinese Academy of Sciences, Shanghai, China), methyl thiazolyl tetrazolium (MTT) (Sigma, St. Louis, MO, USA), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), PLK1 and E-cadherin human primary antibodies and horseradish peroxidase (HRP)-labeled second antibodies (all from Wuhan Sanying Biotechnology, Wuhan, China), primer synthesis (Takara Biotechnology Co., Ltd., Dalian, China), Dulbecco\'s modified Eagle\'s medium (DMEM) (Gibco Life Technologies, Carlsbad, CA, USA), ribonucleic acid (RNA) extraction kits, reverse transcription kits and reverse transcription-polymerase chain reaction (RT-PCR) kits (all from from Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad, CA, USA), bicinchoninic acid (BCA) protein quantification kits and cell lysis solution (all from Beyotime Institute of Biotechnology, Nantong, China). The study was approved by the Ethics Committee of The Second Affiliated Hospital of Zhengzhou University (Zhengzhou, China) and written informed consents were signed by the patients and/or guardians.

### Design and construction of PLK1 expression vectors

PLK1 and negative control plasmids (siNC) were designed and synthesized by Shanghai GenePharma Co., Ltd., (Shanghai, China). The sense strand of PLK1 small-interfering ribonucleic acid (siRNA) is 5′-GCAACCUGCAGUGUAAUAATT-3′, and its antisense strand is 5′-UUAUUACACUGCAGGUUGCTT-3′. The sense strand of siNC is 5′-GCCTCAACATCCCCTACAAGA-3′, and its antisense strand is: 5′-CCACGAAGAACAGAAGCACAAA-3′.

### Cell culture

MGC-803 cells were cultured routinely using DMEM containing 10% fetal bovine serum (FBS) in an incubator with 5% CO~2~ at 37°C. When cells were in the logarithmic growth phase, they were digested by trypsin, prepared into single-cell suspension and inoculated into a culture dish at an appropriate density. Cells in this experiment were divided into 3 groups: Blank control (no transfection), negative control (transfected with siNC) and experimental group (transfected with siPLK1).

### Detection of cell proliferation inhibition rate

After transfection, cells were inoculated into a 96-well plate at a density of 1×10^5^/ml (100 µl per well). After 48 h, 10 µl MTT (5 mg/ml) was added into each well and cells were cultured for another 4 h. The optical density (OD) value of each well at a wavelength of 570 nm was detected using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The cell proliferation inhibition rate was calculated as follows: Inhibition rate (%) = (OD value~blank\ control\ group~ - OD value~experimental\ group~/OD value~blank\ control\ group~) ×100%.

### Detection of PLK1 and E-cadherin mRNA expression via RT-qPCR

After transfection, cells were inoculated into a 6-well plate (10^4^/well), the supernatant was discarded after 48 h, and cells in each group were collected. The total RNA was extracted from tissues according to the instructions of RNA extraction kit, and the concentration and purity of total RNA were determined using an ultraviolet-visible spectrophotometer (Hitachi, Ltd., Tokyo, Japan) (qualified if A~260~/A~280~\>1.8). The complementary deoxyribonucleic acid (cDNA) was obtained via reverse transcription according to the instructions of reverse transcription kit, and then the cDNA was used as a template to detect the mRNA expression of PLK1 and E-cadherin according to the instructions of RT-PCR kit. The primer sequences are shown in [Table I](#tI-ol-0-0-9406){ref-type="table"}, and the reaction conditions are as follows: 95°C for 10 min, 95°C for 15 sec, 60°C for 1 min, and amplification for 40 cycles. The cycle threshold (Cq) value was the output from the instrument software, and the relative expression level was calculated using 2^−ΔΔCq^ method according to the following formula: ΔΔCq (target gene) = Cq (target gene) - Cq (control gene) ([@b10-ol-0-0-9406]).

### Detection of protein expression of PLK1 and E-cadherin via western blot analysis

After transfection, cells were inoculated into the 6-well plate (10^4^/well), and the supernatant was discarded after 48 h. Then cells in each group were collected, lysed with the cell lysis solution, and centrifuged at 8,000 × g at 4°C for 15 min, and the supernatant was collected. The protein concentration was determined using the BCA kit, followed by degeneration, separation via sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), and membrane transfer using the wet method. Then the membrane was sealed via bull serum albumin (BSA) for 2 h, and Rabbit anti-human GAPDH, PLK1 and E-cadherin polyclonal antibodies (cat. nos. 10494-1-AP, 10305-1-AP and 20874-1-AP; 1:1,000; Wuhan Sanying Biotechnology) was added for incubation at 4°C overnight. After the membrane was washed, goat anti-rabbit polyclonal secondary antibody (cat. no. SA00001-2; 1:2,000; Wuhan Sanying Biotechnology) was added for incubation at room temperature for 2 h. After the membrane was washed again, the image was developed in a darkroom via enhanced chemiluminescence (ECL), scanned and recorded using a gel imager (Bio-Rad Laboratories, Richmond, CA, USA). The gray scale was analyzed and compared with GADPH as internal reference.

### Detection of migration capacity of human gastric cancer MGC-803 cells via wound healing assay

After transfection, cells were inoculated into the 6-well plate (10^4^/well). After about 80% cells were fused, a 100 µl spearhead was used to scratch at the marker line. The loose cells were gently rinsed off with phosphate buffered saline (PBS), and the remaining cells continued to be cultured using FBS-free DMEM culture solution. After 48 h, the distance between scratches were observed and photographed.

### Detection of invasion capacity of human gastric cancer MGC-803 cells via Transwell assay

The upper Transwell chamber was evenly added with 100 µl single-cell suspension in a concentration of 4×10^5^/ml and 100 µl serum-free culture solution, while the lower chamber was added with 500 µl FBS-free culture solution. Cells were treated according to the above experimental method. After 48 h, cells were fixed with 4% paraformaldehyde, stained via crystal violet for 15 min, photographed and analyzed.

### Statistical analysis

Data were presented as mean ± standard deviation (SD) and Statistical Product and Service Solutions (SPSS) 17.0 software (SPSS, Inc., Chicago, IL, USA) was used for data processing. One-way analysis of variance was used for the statistical analysis of data obtained and the post hoc test was Dunnett\'s test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Effect of siPLK1 on MGC-803 cell proliferation

Results of MTT assay showed that at 48 h after transfection into MGC-803 cells, the cell inhibition rate in PLK1 siRNA group was significantly increased compared with that in blank control group, and the difference was statistically significant (p\<0.01) ([Table II](#tII-ol-0-0-9406){ref-type="table"}).

### Effects of siPLK1 transfection on mRNA expression of PLK1 and E-cadherin

Results showed that compared with those in blank control group, PLK1 siRNA could significantly decrease the mRNA expression of PLK1 (p\<0.01), but significantly upregulate the mRNA expression of E-cadherin (p\<0.01) at 48 h after transfection into MGC-803 cells, and the differences were statistically significant ([Fig. 1](#f1-ol-0-0-9406){ref-type="fig"}).

### Effects of siPLK1 transfection on protein expression of PLK1 and E-cadherin

Results showed that compared with those in control group, PLK1 siRNA could obviously decrease the protein expression of PLK1 (p\<0.01), but obviously upregulate the protein expression of E-cadherin (p\<0.01) at 48 h after transfection into MGC-803 cells, and the differences were statistically significant ([Fig. 2](#f2-ol-0-0-9406){ref-type="fig"}).

### Effect of siPLK1 transfection on migration capacity of MGC-803 cells

Results of wound healing assay showed that compared with those in blank control and negative control groups, the space between wounds in experimental group was wider, the healing was obviously inhibited, and the cell migration capacitywas weakened. The difference in the wound space was not significant between blank control and negative control groups ([Fig. 3](#f3-ol-0-0-9406){ref-type="fig"}).

### Effect of siPLK1 transfection on invasion capacity of MGC-803 cells

At 48 h after transfection into MGC-803 cells, cells were inoculated into the upper Transwell chamber for culture for 48 h. The number of MGC-803 cells passing through Matrigel and reaching the filter membrane in PLK1 siRNA group was significantly smaller than those in blank control and negative control groups, indicating that PLK1 siRNA can inhibit the invasion of MGC-803 cells. The difference was not significant between blank control and negative control groups ([Fig. 4](#f4-ol-0-0-9406){ref-type="fig"}).

Discussion
==========

Gastric cancer is a common malignant tumor of digestive tract, and its incidence rate is increasing year by year, seriously affecting human health ([@b11-ol-0-0-9406]). At present, clinical treatment means have not only side effects, but also slow progression, and the mechanisms of the occurrence and development of gastric cancer are not clear. Therefore, exploring new mechanisms is of great significance to find a new breakthrough for gastric cancer treatment.

EMT is a key link in the metastasis of tumor cells, involving the activation of multiple factors and different signaling pathways ([@b12-ol-0-0-9406]). The adhesion between epithelial cells with EMT is significantly decreased, but the cell motility is significantly enhanced, thus cells further migrate. During the occurrence of EMT in cells, relevant markers are also changed, such as the deletion of epithelial phenotype marker E-cadherin. It has been reported that the typical sign of EMT is the deletion of E-cadherin expression, and this process involves another important factor, namely the zinc-finger transcriptional factor Snail that plays a key role in the EMT process. It is found that Snail can promote the mesenchymal transition of a variety of tumor cells, and the invasion and metastasis of tumor cells ([@b13-ol-0-0-9406],[@b14-ol-0-0-9406]). Zinc-finger transcriptional factor directly binds to the promoter of E-cadherin, thus leading to the downregulation of E-cadherin protein expression, further reducing the adhesion between cells and destroying the physiological tissue structure, thereby promoting the invasion and metastasis of tumor cells ([@b15-ol-0-0-9406]). In addition, PLK1, as a kinase, is a key factor in mitosis, which is closely associated with multiple processes of mitosis, such as formation of spindle body, centrosome replication and chromosome segregation ([@b16-ol-0-0-9406]). A large number of research reports ([@b17-ol-0-0-9406]--[@b19-ol-0-0-9406]) have shown that the PLK1 expression is increased in various solid tumor tissues ([@b20-ol-0-0-9406]), such as esophageal cancer, melanoma, breast cancer, colon cancer and renal cell carcinoma, suggesting that there is a close relationship between PLK1 and tumor occurrence. Smith *et al* transfected the exogenously-recombinant *PLK1* genes into normal fibroblasts, and results showed that malignant transformation of cells could be induced, and the tumor could be implanted into nude mice successfully, indicating that the *PLK1* gene can directly cause malignant transformation of cells ([@b21-ol-0-0-9406]). In addition, recent reports have indicated that the high expression of *PLK1* gene in liver and pancreatic cancers occurs mainly in the early stage of tumor cell progression ([@b22-ol-0-0-9406]).

In this experiment, siRNA with targeted interference in *PLK1* gene was designed and transfected into gastric cancer MGC-803 cells via Lipofectamine (Thermo Fisher Scientific, Inc., Waltham, MA, USA) to inhibit the expression of *PLK1* gene in MGC-803 cells. Results of MTT assay showed that compared with that in control group, the cell proliferation in PLK1 siRNA group was significantly inhibited. Results of real-time PCR and western blot analysis showed that compared with those in control group, the mRNA and protein expression of PLK1 in PLK1 siRNA group were significantly decreased, but the mRNA and protein expression of E-cadherin was obviously upregulated. Results of wound healing assay and invasion assay showed that the migration and invasion of MGC-803 cells in PLK1 siRNA group were significantly inhibited compared with those in control group. It is reported ([@b23-ol-0-0-9406]) that epithelial cancerous cells will have stronger migration and invasion capacities after EMT. In addition, it has been reported ([@b24-ol-0-0-9406]) that the upregulation of PLK1 expression will lead to the accumulation of oncogenes in tumor cells and formation of tumors with migration and invasion capacities in nude mice successfully. Clinically, Tokumitsu *et al* ([@b25-ol-0-0-9406]) studied the PLK1 mRNA expression level in patients with gastric cancer, and results showed that PLK1 mRNA was highly expressed in 73% of patients, and the difference was significant compared with that in normal and atypical hyperplastic tissues. Besides, the expression level of PLK1 was positively correlated with the clinical staging and depth of tumor infiltration. All of these reports indicate that PLK1 plays an extremely important role in the occurrence and development of human tumors. Therefore, exploring the mechanism of action of PLK1 in tumors will provide a new direction for further treatment of tumors.

In conclusion, this study proved that PLK1 can enhance the proliferation, migration and invasion of gastric cancer MGC-803 cells through affecting EMT.
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###### 

RT-PCR primer sequences.

  Genes          Primer sequence
  -------------- ----------------------------------
  *E-cadherin*   F: 5′-GCTTGGAATGAGACTGCTGA-3′
                 R: 5′-CTGGCCATATCCACCAGAGT-3′
  *PLK1*         F: 5′-CGAGGGTGATGAGAACCTGC-3′
                 R: 5′-CCCATGTGATTCGATGCGT-3′
  *GAPDH*        F: 5′-CAAGGTCATCCATGACAACTTTG-3′
                 R: 5′-GTCCACCACCCTGTTGCTGTAG-3′

F, forward; R, reverse.

###### 

Inhibitory effect of transfection with PLK1 siRNA for 48 h on MGC-803 cell proliferation (mean ± SD).

                     Proliferation inhibition rate (%)                                                                                  
  ------------------ -------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------
  Blank control      0                                                        0                                                         0
  Negative control   0                                                        0                                                         0
  PLK1 siRNA         11.3±0.32^[a](#tfn3-ol-0-0-9406){ref-type="table-fn"}^   23.32±2.13^[a](#tfn3-ol-0-0-9406){ref-type="table-fn"}^   37.33±2.06^[a](#tfn3-ol-0-0-9406){ref-type="table-fn"}^

Compared with control group

p\<0.01. PLK1, polo-like kinase; siRNA, small-interfering ribonucleic acid.
